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1 

[»*JS1] #*#**JiO^?Lffi»IMIfo»raoE 
>\,z h \s>**W*$u-fZ>z.k ;TSB«m^^-o 

T#^i£j6*<& n > 9 ? V VTZl&l&l-ZZk ; YVy* 
* U IZfem-f Z> (defining) if&itJUMO * 7 £ fu 

mzum-tz>z.t\z± i fliTotit n/^fao' 

< $ 1 j£3Hf irst chemistry) £ t 

L, SlD$-fr-&ii:^l^.tiaSr^<m2JS«-(sec 

ond chemistry) iftife-t2> z\ t «-a.-^i-*»*3S 1 US 

tSr. »20A~2 0 0 A^JpSSr* 
i" * g Wfefc $ *i * 2 tz$iS. izm. •? il-T CI 1 1 4*+ * 

[IS**4] l&l tfiy f »2^Mtt 

zztzzb \z<&<§rt zm&m 2 izmmnxmo 

[ft#«6] »l^^^*#ltt, 3l2j£3-*{*i£ 

■tzttuzKfor * * * >j^m<Di& 2 tejg<o/<- 

[SS#fll 1] jt7C«** h 'J^-^-'V^^^driethyl bo 40 
ron)-C**»*^ 1 0 tC|Ett«7)^-j*o 
(Ml 2] ^iRi&^a^Jgr;v^;uT5 

*>is*« i iztmnjj&o 

1 3 ] m i R)c:^a^»^tt^JS*«^-&!BjT- 

£^*>ii#3i 1 iztmcon-m,, 50 



2 

1 5 UIE^O^ffio 
1 5 KK$£<o;fr&o 

im*m 19] yn^v ^ig^T-n 7 * > 

[ft** 2 0 ] #?Lt£ifg*iJi * f * fcf > - * > (spin-on) 

[i^2 1] mmm<og>iimtf5 o%«t »>7<§v>ff# 
* 1 uiemw^feo 

ISSS2 2] ra^V^, *-ALD'/n.t^|: 
£ l3^®0^5KT^^Xco*tl5 0%~ 1 5 0%<Ojf 

±\,zT>*-TH®.mi-zz. 1 1 z>m*m.2 5C 

^JS 7 )V A /^ □ y > =£• i i t § f, 

[«*«2 8]iKj2. 5*MO^m^«r*-t--i.if6^(C 
©fiS;^tL7t^Pa5(opening) ; R^PgB*^*-t-£, (def i 

ne)mmm<om±<v3t=> > ? * tottis- <) >ym ; 

iS^-f- 1 0 0 A*ffic>m.J:m 

m-$.m2 9] v-«; >^®^«mi4r*^R*a2 8 

imxm 3 0 ] <ttfi5o %<o#-?L;K£ 

^•i-^,is*«2 8 uia«co«^to 

[i*53 1] #3>7*-7;l/iv-r//@i«cv 
D^Jl^-g-trft*JS2 8Uie«O«jt 0 

[i*S3 2] ^n>7*-7;l//jr->--J>^lifpv 
D^«*^-tf»*«2 8UfiEm<0l»Jt o 
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tr n*a 2 8 izunswm&o 

[fM3 4] 5^->7i^2 0A~10 0AOf 

[f*S3 5] 9-Y-V^»***f>9 3% J: «3*#v>*t- 
7'7'*>'^U-vS-^r-r-&S**3 4 KfB«0«ji„ 
[BM3 6] 7-f->^Jf tf*&9 7% -t >9^:§v^7- 

[ft** 3 7] £«0»*©&««i§-C*oT, St«iS 

e>T&*mm*mvx-' y ; 
x.vi.uimm t&m? >i--<Drniz&zti, t 

«^ K^ma-fb^JUife^^^ftB-C-^2 0 0 A&TO 

[»*S3 8] &m&it®>mtf. 2oA~iooAwf 
39] -> - > 3 7 k 

<0»50%~1 00 %<0*/N*<fc &g»** 3 7 K 

£ t 1 (C|B«W^fe 0 

[W*^4 2] #1 0#*:fcR&&l«Sr 

US l Rfc®<offi.tiZW±-tzzt%.rf%ii l zm 2 o 
KlDlb^^TCSAi- iff #£4 l KfB 

[»*f4 3] *2£0&*«»i*fta«©#TrtT*l«> 

[»#«4 4] fU-y^-sVifi^ j^JBo#r*->-;i' 
4 3 lC|B«C0*tt„ 

[0 0 0 1] 

^(alternating layer deposition; ALDjt&t-'ISHS £ 

Elg&lCiSV^ #?US±Oft:i>*-Vj-r-f (conform 
ality)ALDH coifticv-'j £ t HM"f 

[0 0 0 2] 

*6^tt> «fc (serai conducting)**** 
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ffc $ ix^, o f'^^x'/K (back end) J t £ li#JS-fb7* 

maun. mmm'pizK&.ztx., -j-fuiftscwui*, „ 

|±f h?xfW h h (TEOS)fFlg^C,^ 

*itfclMb»©»«**tro ^4 7*14, ^v>r, 

a 7MP£JSIBi8§i *-<D«fc dfcBBiglli, « 

t K J: o ft £ 0 

[0 0 0 3] ^vVSPXJls ffSWE^^-V^tc 
[0 0 0 4] f-?*s viDXO^H-Cli, 7a7*/7y 

-> > Jrax »ciiaL-c±iBoid* ±ff «it • + k 

[0 0 0 5] Y- Fti, **/<v*, 3>?^ K 9 

40 mm.u^(oi&Wiis x z>* ^ > w > ^ % m <r «t d &x 

^i*L<iv«4r4i:#4. «gM')7li, Lift 
If, try ifcli h U>-f-«rtK3R»*f»«-H3g+*«>K 

[0 0 0 6] r v>tztb<n>mmtt&it, 

50 tt/OJTtftttfclfcSHli-^ST**. ?t>tc#*i- 
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i4, ur, VT&zifYisyi-imtz-?, 

14, ^Kfi'fbMQiNi). WiLtfflftf-^XTiN), M-fb* 
> f (TaN) is 4 ifrntf yyxf^ (wn) -cjgfiS: $ fu 
-5-irP>li, h fcTT, 7 -fry >^FV>f, is 

[0007] z.tit><o 1 5<< -yyztitz.\£Titz\± Y u 
^v^t. -ft*tt*c«j««ife(cvD). waftjMi 

j£ft«(PVD), *jM?*tt*"6'tre*©:K**'7'n.te 

U, ££V ! <i'?&tp<?)zi-U? h nv-f ^U — -> g V(elect 
romigration) ?riaig1-&7tl6lc, nv^^ tz\±V 4 

<fc 0 iSv^Uiya -t v v > ^aiSJs «t <t *) fi 20 
[0 0 0 8] Hl^O^tc^SttaJ:-?^ ^mti^ 

±gBI£3#Jf 1 0 tfTMft.® 

m 1 2±i:^$n, -E-ni±Mv>r, mn&$Mm 1 4 
±k, ff 4 u < »i^fl£ttoiit*iit*-'<y r 1 5 t&izM 

S$ti^„ i©il/fJ71 5li> T@7>t-1 40 so 

m* tnme>mm±*m*. ±mmnm 1 2 ctttt* 

[00 09] vx^li, FV>f 1 B^MOE^/n* 

* h -j -fm 1 9 ±v«iu 1 0 <r>mm 

K-TZ,^- Y^^t^tiL-f^o ^- k-v^.^ 1 9 s-a 
^>tz&ffiLtzzty?-yy\^ 1 6 O/gSB^, 

TSBSStlEig&S 1 4^fc, 3>^j> MfT2 0 iffl 

h 5rr*fc«i-ffc^W«««flf*(CMP)fJtih»2 1 £tk 

[0 0 10] »4L<«#m*t»-Cfll**ii4iR»9'f 
2 2(4, %ffi?fi/i*TJ3J:D f fflg«®±t:* 
®jft$*t*. ftitWKli, 2 2 li, <J?fc < i: so 
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*H4o 0!l;lt4\ ?-f 2 2 14, Ti/TiN/CuCD 3 if ft 
-So 'flfeW|tJfe^fllf{4, 5>ft-22(i, a^V^n^ 

(4, m^vru^mm^tm^^tiumi-zx^ 

[0 0 1 1] L39»L*A*t>, 7 0-2 2 03^-7 

-So Wx.J4, ^'j7iiir/ifcii i /-Kio 

fi£*(PVD)fi, M/>fl 6i5J:Z/3>^^ h tfT2 0 

O^SSHJiK. i:*>*«j50A4-|l*i-*. 

t,, J^T^^^ hJt^'f K^<O^JS<OPVD«4, 7-^t" 

t'o. T ;l> ^7 v V X * - A K <Oft*ft 

MfT2 OOJi£g5i5J:y f 1fflS^)t-t--5)/c4!>lc, ^50 
OA PVD^JSftH*-t* 0 
[0 0 12] Z\<D7f&ttA7-v?i]s*l>-V\±. 

KJgjftSilfcaK'f K«9i^V^T^^^ hJt<D^*T*-2, 0 
3 b \Z7<F>T 7-^*7 h ifcti. iHlCJt-r4S?X«4 

iS^OJti: LXfcmZtlZo T zlT )V y-? -y K zi > ? ? 
Y<DWi%, Y 1 6&i.Tfzi>9? Y \£T2 0 li> 

J6^S10. 1 2«20»l"<;W^SoTPJI 
U tf T 2 OOti/^X'*^ hJtliMt: 

[0 0 13] «ffl$^-cv^^«yn-fe^ii, «>*ja:S 

y-g; m* v & mm&mvit ) * * c * . pvd 
Jtt^Lr, H/>f i 6<D_tgB3--?-- 2 6 ^iyfer 

2 0O±SB3-7-- 28Ti 0ifiiSlcS«-t4«f6]^ab 

m&<D±&mm±<7>mmztitz#&<D&&%m%<D 

2 6, 2 814. flljgOTaS'J-fUyf K-ft^-v^ h 
14, tfT^i^tw, MAtJ, >\Z£ *)Xim. 



(5) 



Hm 2002-9078 



7 

[0 0 14] ffc^fttlJ£ft(CVD)7"n-fc*l4, ®%<D& 

RlS«(H\ M^>^/eT*®^MHl^(t?!lx.l^ 10-50 
0E)lifcdE* o io 
[0 0 15] Jaffl*t«-tjt'frtt-C**J:^K+fl-Kfiv» 

r6j3& J ab*o M^Vf" 1 633 itfn v** htf72 0 <D± 
« a - * - H\ K #1" * A * (concent 

ration) *^i" 0 *¥±«*1B* J: IflMSSlMMMHB 

EV»K|B^L-C3--?— 2 6, 2 8iE<-T 20 

UVf- 1 6*3^(^3 f If T 2 OOffiJgSrtJt^HI 

+ C «>o < •) i:S2;«ci-*o ttoTx trrjggC3 OKjf 

r- » y * * u - y ut, s *> sme&*o <o®iacvDS« k 

[0 0 16] J: Oav^ttaSiJi^.t Ofiv>IMt 

? >x<om%iiz x^xftmzti. -ttuzx 

•imftUJ: •)&< S*i£&f>l4\ SAt:4cti> 

[0 0 1 7] 1212 «r#B?.i--2.^x 0 1 O * * - ->V ^ ■> > 

ft "a" 0^ia?H/.:|H)i:#-§-C#.H3.StL-5o 

idK, S^iW^^-'J fi7;^-7y>ij| 

H i>?zb-fo 9 h \£T 2 0 a<D? 

*>9 9 Mfr 2 0 afuartaRl&fcO 50 
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0 a<D#/^-v{i, ^^tCiKi&T-t&o 9^ 
•f-*t*l--e**^n^ hl/>f 1 6 aO/^^f-y 
(4, 0 2O*4--;i'^>fiSilKKIL-Cti:, »j «t rj 

-2 8 a-C<0*xy(cusps)J4, JgSB3 0aWi:ft 

[ooi8] AV7 7^;vA©i&-' as-atni-s^i: 

I4&&LT, «nifi«R(ILD)#ft-Of|«ttt^U||« 

14, ILD^#eJP?^ >K i v>£F£* 
^(parasitic capacitance) $r "o^:^ -5-<Oife#, $ 

<T>tztb\z, \,*t>ifph "fikdowk)" #*4-l4 % i^Sv^IL 
D*ffittt#-& 0 "1B:k"l4. SS'fkS^Ck 4)mT<Ok<t£ 

i/>f©7^^ nti4, «'>?n»> zii^nmn^ 
[ooi9] ®.**&m&3-v ! im[±^ *aii^^-ee 

fttt, waoftttKjStr, cv 
D, y^X-^ii^CVDCplasma enhanced CVD; PECVD) 35 X 
X7 (HDP)CVD^-g-tro ao^O^ft^JitT 
;PAI4^ Laura Peters, "Pursuing the Perfect L 
ow-k Dielectric" Semiconductor International, Vo 
1.21, No.l0(19983^ & X V*<r>*<D&f&%mz 

* * -9- > (hydrogen s i 1 sesqu i oxane ; HSQ) ££ Ify yfg 
^^(fluorinated oxide) Oil 3-3.50^* 

(BCB) i5 J: If # 'J T 'J - I' >x-t* (PAE) «4, 2. 5-3® 
m<O^ZX*)i&^km^^-t 0 *tf>*>&**«ffl 

^»4, iKjl.gOH^-Ok'ffi^Jt^t^o ffeO;ikSII4, ^-y 

[0 0 2 0] *«®8&^45»t-5», ILDWid&fiMsmtf) 

* £ t ^HfiE ^ fii> 141* t?* -&o 
[0 0 2 1 ] iH^O*fLv»*ffl.fc % BE^OS^S-iK^ 

14, JSWfc^fiU, JSkttiJiOfttMftftjettt^Sfttttt 
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[0 0 2 2] t&oT. IVL<Otf®!&&%*tl*'tl<D'&m 

®.*mt* J £Z>Ztt£<&T$ti%Z> lo<o«5£f4, fl- 
ip* c: m$k\z\±, 0rH&mm& 
14. s^;wii^(k i.o)*. *• r 

^ftit^ts. 3rfimi4, #?Lt£*m<0kffil4, 
BE K Wi% £ tt-T v> fzttfrO #?Ltt £ g£f b S -£ * - t K 4 

StV^Mf, ri^plT SI (tunable) J -C*-5 0 
[0 0 2 3] S4> KM(k 4)li, '/o«70 

*J <0#?Ltt^— >'a>li> ©MIS iCfaftW-Zn-t 20 

J: OSrLv^f&k^Ji, — B.-/n-b^ 7a-Kj&£-£*i 

4>K 2.5JttT©Hlli, ^?Ltt»»*f»*rtl«i-4ii: 
[0 0 2 4] {£k-7«f;VA % 4f t;#?L14ffi:k7 ;I/AJ4. 
tP, ^*«EyU$*«*>fcBfc*<&ifcJlt<>*&. CVD434 

[0 0 2 5] fifeoT, *ail]8&*-C^Pgi5«r7'f- >^ 
4 9*£*fc*?*K*t?-*<.&gl4, #Cfa7^/v 

vv&JglbKBggLT, ^1-*o 

[0 0 2 6] 

[ISMfrffifc-TS^O^IS:) :o*Si:i/:t/:*!) 

[0 0 2 7] HttK* M^ffil4, XSORJSft*©"** 
So r»»4:J &«Jf 14. gB^D^orv-fb 50 
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*J£S ±TV> n r v 4 J4**f — * Sr S^^tt^fi 

©^-/m*** *fc»±, a* 

[0 0 2 8] «t i)p«BlCi4. WtfMfctt, #?lt£ TftkJ 

#7taa-p*f, fikoit«wH-tt, ^o^fM<o#^ 
**j*1-*o *fijtci4. ->->; v^«ii£«Tfcim. 

T 1- PV^jS-tr/kTT). M£L<(4, fnf. 

nz>o *<Ds.7%muw>nv>jn*)<vwm\u -©4ti: 

[0 0 2 9] *S?!<0-t!.*>XW7^'<^ h 14. T 

[0 0 3 0] j Lv^^^copaB^m^ 

*S»S Lv^fl-tc«iaLTSiig?nTV>S^ *WM 
tt©§5i*#ILT> f2«#^*fe43«l:y f #iit4, 

^■7 -> visit s- 9 - v ^-r s * <?>m* %M<Dtt&iz 
[0031] ±12. &*&m<om-?m&zntzx -5 ic, 

(PVD) S^^O^W^ffi^gffi (CV 
D) tcj: •) 7^->^-rsr t(4. ^flJ^rC tic, h> 

•c, «»c«<*i»mttOjte**t»Kii, (3tA,t^*« 

(4, *a@ss{cwi-s«mi4s.u f *^v-v3^Ji'->^ 

^>?o PVD^CVD<7)4^^^*W^ftl4. *tih<r>*9.m 
O^SH, 4 tJJpv^Sr^-TSo fa7*/v/ , /H' 
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i:«4Bire**o 
[0 0 3 2] m?^£&*r>'7:&^l'-v£ift#;1-<i> 

± K, m^<0 5 >f Jf C» t T«*Rd&» iff S ** 

[0 0 3 3] E!5~8*#iU $f£ Lv»#Gtt»»Ktt 
oT, i&ltJf 14#^#*«±K?&j£$*l£o **0£H5 
**JtRU |g 1 X«iT§B«^^50^ ^'J T^lStfig 

*t&4-9»C, > -tf-va >^^r-A{±*Slfl«jtc, 

S±»BaMlit*e>, TSBi£«lit : f52£-|!S£-t-**>K+ 

54 (H16- 7) l±. TSB*&iiJf 50±!c)£J£;StU S&2XI* 
_tSB*fcliJf 56 (EI8) »4i->^;* h •y/H 54±KJgj£$ 
ili. ^2i y^XtiCMP^ h ^58 (y-Jl'KSH 
Tt*nt,*trv^) »i. #2 L< I4_tg&*£*t®56-ti::*> 

[0 0 3 4] H***ifcglM8*fciJV»T, TSB&tf-t 
8B*£iitJf50, Seii-ett-PtU JSS&l.O^ni*^ 4 0Sf 
* L< liftO-S^m*?!!. S^Siftft L< 14*^0.6 //m* 

(fik) Sr^-t^m#^ SJ£Kfl$*fCv^ 0 
MfT£9 4 Zttm*. *<Oi i fcf£k*m 40 

[0035] mffiZtitztmmso. smzwm-. m 
u&Rtf, m.5mn<omnm (k) s-^-r, 

k4t!4tt3.0*JJ|-C 4 *)1kf-i L< Iiifo2.5*f!> S. 
tfft&fcrf L < l4*t2.0*«T-*-5 o 
[0 0 3 6] ±EOtt3fStt#^«|-Cifi'<fcJ:$K:» #?L 

>-^.<Offik#fl-O^OS^:(OflJ*li. ft*© 
#?LJgT-jg;i* 0 i«55|Hljftl4» JE44JDl©IH]©«** 50 
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Zt&ME (USffll - *- -ISk^-f ;VA50, 5 
6<0#?LS«i, $?SL<»±ift50% 4 4*)$r* 
t < I4*t)70% «t "9*£ <, S^ftf)*?* L<liiK)75%4 

[0 0 3 7] «|£W*^?L14®k*r*H4, iffiS£Nanogl 
ass (O i> £ tc, *'J7* T WSunnyvale 

©Honeywell Advanced Microelectronic Materials (AM 
M) (JSlfiTOAl lied Signal) fribT&nmzKttm** 
V>*> tf&X- & Z, o Nanogl ass {%L$mW) 14 #-?L* 
U^;V50%-90%lcitL, kffi2.5~l. Zi^-fZ-T 
?Lte->V *T*4„ Nanoglass (g^ffi^) <OS#A# 
oT^^SIIffl^-v s >I4. ^70%<O#?LKT, &2.0 
<OSim^tt4-^r-t-So Nanoglass OJSl^O 
/f-vaV (Nanoglass K2.2-A10B) lCg|i-4Sf3£^4 

4 nm(40A)<0¥^**T-9--TXS-*L. 3£^K*«**l/; 
*T£r*1-£di:«rji,ail.*:o Ryan^, " > V ^?L& (m 
esoporous) v >; * K*J"f &#3W*ttO4«lft»tX0 f ft^ 
F>9M (Material property characterization and integ 
ration issues for mesoporous silica) " IEEE 1999 I 
nternational Interconnect Technology Conferences 
(1999) , pp. 187-189" *#B?.o LfrLtttfh, 

[0 0 3 8] mTpZtitznMWMo^'?** h y -?ms 

4> 58«4-?-fL-rti., *yt«50> 56lcJt^LTH^-&^-y 

V) X < n> h o-jvfii i:35fC§-&o H^$rl/:|liS 
S«l-iiv^T> ^-y^^ h -yy«54, 58»i. jfft L < it 
J¥$&100A~700Ax 4 L< J*^200A~500AlC 

femZtiZ, g.ltfJm (Si3N 4 ) «r-^tfo TSB/n'UT 
^Slt^ Jfi L< »4Si3N 4 S-&tro x-;f^h •> y@5 
4, 58<>, TK*&#?L1±#6*iJI50> 56Sr^ti-*4 •) 
tc«b < - t a*T § -5 i i: A«a» $ rt* -5 . HJw^ 
^57T'5II?W:, Ryant><05:m^i3V»TBg^$n^ 
4 Tir, lOOOACVD^-ftfe^+^y (oxide cap) li. >X 

[0 0 3 9] ±I£0^*S^Ofla-cai^r$rt/c4 d 

5X^*6) > -rXfRXf^yJ-y? fflnU(o 
pening)55 (HI 7 1C 1 otpStITV^) <J)/<9- 

Y v 7"54tc$E¥-t-l>o ^2XI4±g|?jf6 



(8) 



&II8 2 002-9078 



13 

10 0 4 01 4-&liH9a£#B?.L-t, *«»4-7X*$ 
ft., (lofjjxtwa) (i-t8M6IM56* 

*54©»mLfc»fl-JfCJhS*. S*#tCS»$it*«t 
Mxv-^6014, gftHEMSffl-Kftv^ &Jg9>f> 

^0.35//m*«, StfJ: L < li*t)0.25^m*}||-e* 

[0 0 4 1] /n- K^^^54*dlL^iI^L^:i->f-v 
^14, h UV^Jg^T^i^/f 50£fiLTTM*i/ 
3>^^MfT62 (lo^cSttTn-S) <E>$t#£5e 

£-£&o 9 y\£T62lt* y U>f- 60 iZiB -a tzSJl^r 

<7>mmK$>i>. s\ Kv^.^54t-i3tt^HPa555lC J: •) 
1JL<«, h fcT762»4£j 

0.35yum*SI> £.#4. "Jftft L< l±0.05/im~0.25//mO 
*BSr*i"-&o h trT62«D(BXI4itgl±, ±fc* 

* M^>f-60K4 »>Wi»»c«ii4«lf|(c<jsUv»*», 3U4 20 

[0 0 4 21 -?-tLv9>x., n v^^ h If T62<0^fi<)*T 

hit (*$ : M) 14, &i L< (4fti : 14 

v> 0 ri^** h e762<0$b*fi«J&jSSI4 > *&3£/f50, 56 
14, 4 L< fi*ti2 : 14 <, fit»4L<li 

^2 : i~4 : IT-**., #4 L^mmmmn, nxomtt 
<or/u xt<Dm&-v!& iz#mx-&*), ^rtuzn*)^^ 
>ms.x/zi>f ? yv&itzbiz-fst&z < %z>x~<h?> 

9, Gm*Ztiz, *6^S50> 56fc#LT, it&lfl??^ 30 

m.mm#-i®im-rz>t, mt<r>mvr4% (k 4) * 

[0 0 4 31 H9b~9e£#BBLT, jtft Lvt&ffi&Htli 
ttz, IQaOfa 7 ;l- ^"7 y >ij|±(0>'f; x - y 3 > 

[0 0 4 4] H9b£#.HBLT, Jy*W?y (non-ca 
pped) T'iT;V'^-7->>^}jt74^$tfCV>* 0 y>*ir 
y -f y \£T62#7'-r<i (Rtf-tftbUX *) igv> 

0S&^jK*^^.^:i6HS4 Lv>) ic4 QftG-ZtiZ t *> 

5 *7 7 -f >>> h (misalignment) I4$e> 
tC^^T*^ h.ttlCig< Zt&X-ZZo Z>t-o<7>\£ 
rmmii. ^- Kt^^541CJ: feflfcWP 
SB55©itIt«-f *Sgj9»<bTK (withdrawn) 
ft, »*W4:3>*^ h-iMXji«tK 

t, ±ier- u * nc $ <> <D<o2f&K & * ^ t tJ*t § 

[0 0 4 5] ^Jg 14 H9c£# BB.LT, 

(landed) T</>&v> fcfT 14, 0 *v»a*W4rT so 
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O^PSB55ii, gSls]g&?if ; ?-52c9Sg(edge)70i:*&.&o 
/hSv^WSTK^T*^ hit*- /t-x?*-*-* 
7214, Ef&$^52*ffltr*fefMSXJi8§«#S74*C^j£ 

£ft& 0 t-^-x? ^*-;w2ogiiSi4<b*>£,k, 
•J 7Jl5l£U f JSB<Di&m#74H<D.x. ? ^S^tiic-K^-t- 

[0046] uredteerxy-^ra, 7*151 <dt£ 

#J *) SX&3b:££ll!fcLTV>.2>o ><'J r51**fcTT** h A#> 
bM&.mx.v?-l l z£1)x.y?->y2ft^ T\Z&2>\BlS&m 
^52S-»m-f-^B#, A'J T5mMWlz&!g-rz,mifttfii> 
bo LT-C*#^.a^80Sr, SUIfOT'a-t^Cio 

[0 0 4 7] lll9e(4$e,tCtTO-i:oO^SSfl«J^^v 
>m^m^LX^b 0 m3k*'i9->ittZ>tzib\z®. 
mZiitzy* y h«-Bfc*-t«&l$. ®k^«fl:f^ 

m$^^^®50, 56l4?Sf^«r§:ttB<, M^>^60S 

«4Sitr*** 0 

[0 0 4 8] ra^tc, #•< ff>m<n&mm&)ftmi. m<o 
wxojm%mw, a*, s.it/x»4t'j.t;1'^->v f 

U>?-RV t VTlz*tLX&1fUzl!?&\,*TA'<i' hJttv^ 

*)3z&-tz>\z\*7fm.imx'3bz> 0 nmmz. ts-tL^mm 
mm^yfWi. m9b~9eo#ii-c!&vv xi±m-%%m7& 

tc, mm^n-tciz, fi7m-»w>T^h 

-r4lDffl=£-^m-t^^-9o 09x14, &Wffl&X'ffl7ji$ft 

tzjjmtn^m ^ -> > tr n, -> > Eia^ * - a icij tt 

[0 0 4 9] J>7 v ;t/7 <<-)■- (D%il&3i& 

*(o x 7 t,zMj&$ft.?zm?'-?i' >mmi±, *r<n&, JSv> 

^^^>T, ^-^^<??-9-^^;n4gesiJ^i«^:-e*n 
IiS-tKJf £j£*U RJoL, X«4®if1--5, 

i4, ^;n4^^r < t fc-cxogini<0 7i 

-xs-g-^ -eii.-rn<7)-7i-xi4ie$(i^e<) 

lH^^m±l4^$^v» 0 

[0 0 5 0] IH3I4, i^v>jx.xy -fiJ^V-V^m-tb 
i, > 7 <i - > ^* 4- ff^figi" * ^ft Sr - mz L T 
v^o »4Lv^^t4, iH^®* (ALD) <0^T-*> 



(9) 



ftffl 2002-9078 



15 

iZX t)Kfo%mi.V>( i? fr^MFu^ $L-E.W\'*-Q1&® 

IW^Mti. >K*«FJMfc (wi 

ndow facilitating) -ffc^K^frtt'fSMfSrtSo 

a^^iajS^-f V K*l±> (termination) 25. 

[0 0 5 1] -Ztl^tiWJ ? >U<D*ti'?tlW\'AX 

e$?-^-c*i (-r&;b*>, iUHS*.*, XW4L< 
«hduu -r^x^mmx^b (TiBt?«t»)ff 

Saic^S i ? \z, ^Sfl^-9-^XfiJEgS-Stti) 
4&* ? £*!>.5>£i:£*MlKi-&-;fr-?, ge^li, BUS 

[0 0 5 2] ^f-y/*/^-yWt4S^ ffl 
^Lfcv>-C\ t£Xn-fe;*.|±gmtt5:iD$>t\ *r£ LvM£ 
k^@50, 56 (IHlOa) <Z>#7 £ 3 - h1"-5 d t ifiX 
U*>iLii4^o f©J: 9 *£*§JI50, 564- 

mh\±, z\ff>>) A? fHftlzTnttmx&^btifziiH L 

[0053] m^$K^i ^ sfs L^mmmmzfe 
tzi><o<oi T'j.TJW^vv>#jt(7)^fiS;ioor-j& 

fro 

[0054] mmoo<D&, 'j?%<ti> Mrikif 

0 1 "f &:/n-t*££tt&o $fJL<!4> Xo 

tr 0 TfET-J: lomffllz^ZXitz^ v- 'J > ^XtiX 
d ^^r>^7*n-b^.l01(i, CVDXtiPVDcOJ: ? 
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[0 0 5 5] 7n ^^rV^yn-t^iolli, jKTStv- 
7a * * -f * tzibizjfmm Z £ i: &X # 

<D k m * T If i tz ib \z +S-#?L14<^ t 2 -C * * * f d * 

7st;hu>f) nr-ftimztitzimii, &m#&±*) 

trL?>mmfclz£*)&tt>bti, *f|:3V7*-^4 

>}- - y > -f 3t i6 <n 15 ^ -5 X n -fe ^ <i.^-c ^ v> o 
[0 0 5 6] 4 t^K-C^illX, 7'a7*^-7v'-/ffi 

20 @0*^|lI9atC^$fLTV^-&&JS7nT, 3lt±. Itfto 
T^«FL/c#*S (adhesionlayer) O^B) OSHiL 

l?-IS$ii.£102o «fS Lv^HJS^<0^17^-X (Jei 
-4#M) »i> ■Wx.lf. Kn#*/* (OH) XliTV^e 
-T (NHs) *^i:Sl£14* s ab-5o »fb^-f*XlTaft 
^*®l±SU^W*^Sr^St L^v» 0 lfT61 (EI9 
a) <7>#h A»:<b44S7D7*v^iXa@Bff<o 

«-feto2Sr% (ALDtC t ±5) T-n^V^M*?. 

[0057] mvwmw&r&mo'ik, &m%<±>, *ti 
frb%-f&fr* s MJ:s' a izwmzti2>i04 o m4 kklt 

Tmr-£*)mffllzm%i2tlT^2>, ft$ LV>HJfe®«tC 
tot, IS— j£7>(first chemistry) l±!5fOX t- -T"^ 

L<ii, m-$Lfr<n>hh*>2>&m<r>mm.®'s.itzh\zz 

<07"n.t^[:J:ct4«L/:#li:Klt;L«;^J:-5 (C, 
[0 0 5 8] &«**Rl&^aJi, »IL< \±%&<DWi. 

^frcDMiz&^x, E.m®)m±Mf&iz, yu-bxi&jgz. 

9*v»»jft[*#o (Miif> Tiew*5t;i3v^r, Xd 
50 -b x 1*^350*0 -e=fT^t>n* o Kttu Cucn±430t:t?^ 
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[0 0 5 9] -t*l*»e>KS— jftfl-liRlSf-ir 
•}**»*t*106o H^*itfcH«|ffl»K*v»T, jBM& 

f L< liift 2 RlSf- * v/t-J: 0*#v>te»<7V<-v:*f 

T?, **'J Tstrj*4r*Lo-c*lt*IBI> ^7"yyi06l±^. 

*tfcf£j&IMit;:iiv>-C, ^*106«±^-^O7n-=S: 
JhfcfcfiL mo. 1#~20**IW> A-y#^7n-La 
„ -f .;<-y^^li, 1999 

Jklf'ftfe (Improved Apparatus and Method for Growth 
of aThinFilm) J fcv>? |WJB#^«*H4f trHJ 

fy'J T;w##09/392,37K KfEtt $ *VCj3 •? . 

(Method and Apparatus for Growing Thin Films) J 
t </> -5 £ffc?>. 1996^6^ 6 B K«Mt £ nfcPCTHB&BB 

s-^-wo 96/17107 s-#h?.o -?-oga^i±, ;;t##t L 

TSI$tl4o R|B*K, Klfl04SO f R{&!»Sfc*106»±, 
ALD-9- -f * ->K£> sg— 7 * - X * «i" o 

[0 0 6 0] t 
n^t§106s ^2^^SDlp D plcW«&$ix^.l08o £2jj£; 

m^tStL'-r-Sx. 124 KUL-CTfe-CJ: 

Ri£U ****** Uft;lT£Kflfl:**» 

•To 

[0 0 6 1] iC7 U>v^ V h-Cli, ^2fiK^-(±* 

<r>')if>Y^i (t3Jx.ix x 'J^rvhm Xii 
liK 4S^5#.hb.) „MJL<li, KJfcl08fc*fcS 

T»;:***mKtfctM-*£ t *mfz ziizru > v s 
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[0 0 6 2] ^JR-ar*J|Ui**2*a-C*^Ul6»$ 

l±iDX D a D ^'b^i)^3& i *t-?)110o ^— j£#Oi&*106 tm 
«K, i<o^-ry/noi±0iU<{±^2fiEfl-<^7n-* 
It*, ^2fi£^c,O®fSI4g:i&^S.0 f RI&®J^^* ? > 

7 tic* i}Stim^fi&.r t#-c#.&o 0^ 

$<l7tHife®«UiJV»T, Bfc*110t±. I-MW7D 
-fciL#fc&. j&0.1^~20#Rfl> /<-v^«r7D- 
LMlt^i t^r-g-tro EJSlOS&tfl&SrllOJi, 
ALD-9-W *;W;:&v>t\ ^27i-Xlll?rSLTv^o 

20 [o o 6 3] \<*vtzA,&m*BLi&®)Rv t mj&.fr<omiii 

?n?t*ISSS«lci5V»-c. ALD7*o 7i-X 

i-*^i:104ti, <>dl>to<oeB^^:#®4r^jSi- 

[0 0 6 4] XoO7i-Xl07. 11114, 

ALDT'o -fe* tcjs v»r#g ZJ&fSL-j-Z Z t i¥k *) it 

z>*t4 ^;ni5^*L-cv^ 0 ^— g:^i±-jKtc, me> 
30 ^;ncisv>-C^2^;5-^J:c.T»Six/c*^Si:g:iE 

^x->-/io2tcia7t, soflosisns 

Sr-g-trJ: •? lcfe^:$n#-5.o -?-*t^f>> fl-'f ^ /U15(i 
^7 L >7 p 104~110*aLr^»t-&o io-9-^r^;ni5 

[0 0 6 5] 113 \zW,-JZ.U ! m2$LfrV>*-X~m7fiZjxX 
^Z>tf, %<DT U> vp< > h f!4. iIiD<OfiS;^-'b t^:-?- 

[0 0 6 6] ALPyn-fexMO^TOXo yJtZZ 
B 3 CH LtfS ? ftX: J: ^ IC, #?L14t6k«50, 561C 
iJ»t*BP» (off), ^7625.^ h U>i-60) 

50 »^jS»±fik*f»0«f, *t>^**^irS?^=K7'«r^ 
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its, tt®<Dmw$*±.ifz>zt\zi. o, 

[0 0 6 7] EI^$^7t|lifi®«l^i3^-c, rn->^r> 
^14, EUOalC^SfLTV** J: =) 1C, v- V V^Jf 148 
T% #?lte©kJI50, seicisttSggDSB^v-Y-^^-t io 
*c:iK4 OsgfiSStt-So 4i)«M!BlKI4, v-W^Jl 
14814, &k*£i|f#50, 56<7>JP£St3LT#T£i£|£BK 
7t*-f-* fc* IC+fl-lCitSV n > 7 * -7 >; -r -i - *m L 
v^ftKJ:»), ^»$*tS 0 #£L<I4, ag»!4, ©k 

^-r^o ££T-*7$SS»4. *P*&#T1MXK£ <35£« 
S*l* 0 4 Off* L< 14, 3&#I4, ek^#^^^3# 
7«££jS;iS<-tf7£, ISLt5^-V^L4K « 

taj* l< i4, mmnm#&tp<Di#Tm2&To#T 

£3t*U ^#^*^2*7gt$J2lT<7>*7£;SigcL 20 

* a-r * izm 4"^3 * t $ <£> * t *• c 9 - 

[0 0 6 8] HlObi- #88-^2, VfTlig<Ofet;^:i2l 

<D^7120i^tt o * 'J 7 TWSunnyvaleOHoneyw 
ell Advanced MicroelectronicMater ials (AMM) (JiJJtr 
OAllied Signal) £>i8*ffl KA^BTSfefcNanoglass 
(gi^lSS) fc^tf, I3^$ftfc©k#fl-50I4, 30 
7-*-*Xjft4 ronf, &70%O#?Li8£;fr U Il2.0©k 
ffi£3ffi£-t-*o ^T, *-712014^£;M-CV>&4 ? K 

[0 0 6 9] ^T-9--fXfi^#T-9-'fX^C,7 >A 
K fig L , # 11 WClttfc L £ *' 7 IZfa 7 > ^ A T' & S 

? i i ^ i*t lit ci:i«t i^*^ t ^ mm^sta 

i§:K7->MXcDiOt<75£ t ^fotv>S t H^SftfcA 
IttfcWciS^T, tfT*M^t.JA* ? oTV^^— #7 « 
12414, Sfl-#7#1£&SU KS2*7126I4I&2#78S£ 
£SU £3*'7128»4£3<-K7g|t$Sr3H-o 
[0 0 7 0] HlOb^^Sn* J: ^ 1C> **7I4 f*l.<f>5£ 
^i;li^^nrv^v> 0 kfT62irgav>-CV^^l^Tl 
24 (H10a) 14, v-'J >^148cO*J-^T*^gB^«$ 

(Dtzft, ->->; >^Sl48l4££fc5fc«Omri::^-**71 
241Z^-t*raPgl5*ev^*7LTi3>), £11*7124 
rt^^fiSl304-3*-to ^2*712614, Jl^T- 
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2-C^$ftTV>£o !| 3 #712814, i> L&*t»4\ ^SgiSt 
^#%l34<0^1-«6„ i&k*t*|-<D^1ffl (IT7) 

ib # r s- a l fcsgst t- 14 ^ 3 # r m $ s- m l x *> 
v^^4#ri36i4, i> L^>tnm^mmm<o^m-t 

* 7 140& 1^15*714214, !£*u £ ft* 15 £-<£>^3t 14* 

[0071] u, lv>4?k:, ->-v>rmu8 
is^x, m2*Tmz*X'm.tizzktfx£i> 0 imwt 

W >^138, 13414, v> < bfr7- ? O'J ^ ^ 

n-5.^IHfSKW-14, fm£*t*5Kr£iIL*:i£ffeOg 
1^^-L, ^Ic^irSlt^S*-*^* (0^$fL^<><O 
4*)1av^ X14J: *)*fcv>) T4>^>^ it*S*#l4a» 
t4^7. ?t>tc, v-U >^«148O^«0r4O^ 
^S*Lai£ijc*KM:b<br, #7*7-n-^>^t5i 
t!4, ^3>7*--7;V-AIJ)yn-t^.(OP3, \±2>1>HZ 
4 ») l£ISH^^^*i£«t*iilt* i i: \z$^X^mxi> 

So 

[0 0 7 2] 1 oOHiteS#lC{Sor, v-'J>^®14 
814, ^*<OCVD-/n-fe^tc4 lOMffcZtiZ-mttr 4 m 

<o£*>t£mm#&*'£ttzttfx-$z> 0 

v >ym<omm\zm.^x^ \zT62<r>7V7frbmm&m- 

fzitxDMlRm^vl-^yifttebK -titizx 

^5'-f->^i4s:rBttw^->ji7-? L >'^t?*«?, -e-fLi4, 

[0 0 7 3] Ld-L^^C>, S^^ftTt^ife^lw^^ 
->-'J 148143 h 7*5 ^t t kTT62«'5E 

*i-SHtrici^*?*ts^s<7)=5:v^m#^*-&tfo ^ > 
*fui;, mmmtmmRtr'y-v >rmu8<DM??t l 

If, y-'J 14814, «*?-«it<0-^t LT, 

gpWrt^*®+^^Sii:^T-§S ((H13#H8) o 
[0 0 7 4] mm&, Xl4if£^1±^f *,t>^<Ov-V > 
^14^/c, PVD ($I;II4\ ^/<7?'J>/Xlix;V* 
lz4oT^*?tLSC: t tti^o *fU!C 
14, PVD(4*Sfit)lCCVDJ: !)tV'3y7*7'Jf 
L, *<D?zlt>CVD£*)m<#7i¥>?-*7t2>tz*> 
iOflJ*.l4, PVD1C 4 t'j.T^ /7 v 

[0 0 7 5] CVD-C&S-? iiPVD-C^Sd t, 
14, e7620/glZit^-S4 9 i; (010a) , Jt^^iiSV^ 
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O&Sftt t £ i * J: d m-L-m < T V V v 

Sfta^-c**.,, HMt#i4, ;w--r<f vH&i L-T, 

loo7 6] *>r> l-oommmmz&^x, 

ttfx£Z 0 WmfOW^Ji. #?U4#*H* 
ALDK.fct)n- h ZtiZ>Zb<D~eZZ>gift*ikfc-$-Ztz 
i&Kfr ttt>flX^i> 0 A. W. Ott., J. W. Klaus, J. M. 
Johnson. S. M. George, K. C. McCarley, J. D. Way, 

Tt^JLttr^S ±mm<0 ; £7''( 7 4 <r — is a V(Modific 
ation of Porous Alumina Membranes Using Al 2O3 Atom 
ic Layer Control led Deposition), " Chem. Mater. Vo 
1. 9, No. 3 (1997), pp. 707-714; StfSuvi Haukka, 20 
Eeva-Liisa Lakomaa, Tuomo Suntola, " '#7Ltti§5<fitS 

(Chem i sorption of chromium acetylacetonate on por 
ous high surface area silica) ," Appl. Surf. Sci. 
Vol. 75, No. 1-4 (1994). pp. 220-227#fi3 o ±MX 

*#«±, ftWLnWM*m^XVktbhtiZ>z\btfX>$2> h 

> if-t 2>1z*><T> 13>7*7'Jt< - (low conformal 
ity)" 3EStt7*D ■tZ.VX.ii, in situf, iOiflil 

•J-r-f-ALDS-Ccb-Sit^T-^. i<7)i -) C 

[0077] i-o<r>mffim.m\~&^x, ±ie> aid ^ it 

mi^^^it. ^(C^<ALD7'n-b^HJt'<Tft < U 
X'&Zo 

[0 0 7 8] tl^Wi:«t>t, ^JSaf.«'^«i> ^FrS 
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->*i- * <D fc*»fl: $ fr-S # T £ v"t & O 
*M^±S^b$KTV^v>, ALDyn-fe^<OB#H^^L 

[0 0 7 9] »2jftfl-Ji/<-??tc«tv»T, f 1 * V/<- + 

ommtEUB-fZc «£oT, »2jj£:9-tii^t*;ft£>*K 
l£-f4o £fttiCVD?-Y:/£j£-e£>*K ^TrttClJ:!) 

&-t & m 1 &mM# xtRfc-r *>*?*> 7 a ioi^ci 

(depletion effect) < fi-*> 0 2til*53l*<£>if&*> 
[0 0 8 0] ALD-9--Y ?fr*m*)&-f£, ^»ll<ai¥£ 

M' > S I/ *f T *® ± ^ tt « $ tt -5 2 L V » n > 7 * -7 

, ;^-<-cvDxi±PVDSrS»t-&* t > *tuz i>®t>t>-r, t 

[0 0 8 1] TEfitt*, #* L^HJfe^«0$fr> 

LXW.ffi,Zm-fZ.ktfX£i>tz?>7o L*L4r*»?», v 
-V>ymi48 (HlOa) li^T^rn^^Ls *T**7* 

';x-f-ALD7°n-t^^S*«J, Klt** J Aot< 4 
mffi L?z#ftRV ! ffim<oaJ)J&fr\z&i&LX y 7& 

wm <D%.mzft2.^mm®.m* < mm s tift&xumm s 
n^v^o TEos^ib^tcov^-cii, *&w%\mm\±mo 
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fc, ^9>^-Xf±tf T61 (0 9a) ©JSffiKfltfflLfc 

[0 0 8 2] S*>#f L< 14, v-'J >vmi4S (01 
Ob) StttitU4i/:Sio 0 

[0 0 8 3] SatteJl*:SrS-f4»<&\ #* L<ti, R "> 
^oT> iff* LV>/tij rS * 3^*1- 4 1-5621 HI 9 a 

u >^*i48 (Hi o a) o3Bjas«xttnwfK» #* l 

4, fllxtf, PVD^? V&tfCVD* V^*-r>Xn-t;Mi 
[0 0 8 4] 8U<DT > ht?li, ffik^fc-ffcOsK 
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m* <o 9 4 i- -%m<DMi& {zmm l#* z t tmrn s m 
viMS*»*i-4i t izx *), mmzunzo yarvK 

Tmmmizft&^mm&m t l-c, * rit 

[0 0 8 5] SfeoT, Rl&!feaco^*,-o«±, HHL< 

f h7 + ^ (^f*7 5 y) (v 
? >9)\>, TaCls&UTiCUfc-g-tfo 

7x-Xtt> ALDl- <fc ^>nt>' (W) > - K« £ 
J&JlL-r&o Tf2SU OXn-fcj* u->kfKj3V>-C, 
^f^^H?^' (WFe) (4^7C?i>J F'Jxf^ 
**n> ((CH 3 CH2)3B) Xl±TEB<nM<OZ.*^> v-V-i 

[0 0 8 6] 

[an 



7i-X 


(abn) 




(eccm) 


aa 

CC) 




<&) 




600 


WF 8 


50 


400 


XO 


0.25 




600 






400 


10 


as i 


jBtc 


600 


TEB 


40 


400 


10 


0.1 ! 
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400 


10 


as 



[0 0 8 7] ^XT-^^l'-^CilJtt^SW? 
V i] ;Hi, ALD^ n -t v > ^{giStC *5 V> T ^JS-&*g 

Y*&7&mjkif&m,ttm<n>mmijmi. 1999^9^8 

B KffiUgftlMPROVED APPARATUS AND METHOD FOR GROW 
TH OF A THIN FILM fc® vUT^No. 09/392.37 

fiLtSffi^tiSo SUO*ffl6<jALD&JS^n-ir^7n 
-14, 1999^6^29 B U%=ff$ix^ShermanCO*S#itN 
o.5,916,365K:i3V>-ctttt£*u fO^li^iftt 

&m,mt®)J * } ) T 9 4 i — <0M^fe 



W.T<O0 4SO f *2^e>4{4, 0 9 A^fb 9 EOlfii* 

#-t Srffl v>T , 03 <7)«tB&fl<)Si^ tw WId L fc^JRfl-ft* 
fRlO7i-XS.0 f XS (0 4) tfltt-o 



[0088] ^tc, 0 4(cihlt, mmttmmmmz'& 

-xio7{±, »* l< \mmmif^(o^rr^ 
« mtt&<r>m*it¥®.%i-z>o ? from— 

[0 0 8 9] /7v v#ii0S®l±-5-0±-C9-<->^ 
tfmWl& ZiXk-hK tommrxb. RlBttO * * SEffi =Sr 
*>w*L*i&SS-f 01 0 a O 

50 nmmmzi*y<*xi±. ^<o±x-mm^mM.^fii>mmm 
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MI4, v-'J 148K4 »)tt*&?tL-&o »S Lv^ 

mm ink. i4*nh 3 k -c u JiiT-ca^-r * < 

[0 0 9 0] ttffiKli, ^7 ^-Xl07t±gB 

t±, mmt^-^y oncu) , *7vrb*>x.*^> (w 

Fe) , Sffiffc* (Tads) > ? > * > * .x h 

(^f*7?;) out* (Cuci) a?/ 

is?>m (Cu(HFAC)VTMS) tf^tflho 
[0 0 9 1] ^JRii«"^* J fAT/l'^v->V3 >9>r h 

* 0 $f£L<«4, ^-yxgioeuisv^T, 

[0 0 9 2] ^^XKMOHJ, <&JKi8i:#\Xl4, tDXpqO 
•fflSft»»**t*:aEllii:KfDU iK^«««) 
Jf " tr^*Xii^®*i--5o Sf&-tr-i4, SiSfeii, 

HJ-^fXti, — ii77?i'3^0*t'f?W 
*/<P-v£K5e1-;£>o S2 OHJfitaJ-Cli, ALDXn-t 

* k j: *) , *#o. 35 a /-^ if )i>x-±mm.iVtom awa« 

*TiNK o £ 45 X -E-15-9- ^ * A- r i: L 
S&^&Ki^Stt&o 115, 115a<0#-9--< ^;Hi 

(self-limiting effect) izffl 'Mt Z> <, 
[0 0 9 3] m t < J4, iJQX B D n XU^#/cR* Ufc£« 

v>T, TiCU («2) li^D^-f KIMS** 

^i"o WF 6 (S3^«tO f 4) Ji^ ^^^JS^ > 

<Ofi*»to K(4, 

©4 7fcafl5<4, £JKSj!r*'</i'*104©M, &JRiH£ 

^-/n-tx<0^JR7i-Xl07C0Ht?O^li, g 
B*U»**fcli£ei^«-C*4i:Wfc*i*o 4 



26 

[0 0 9 4] •y-'f ^;H15(D^X7i-XllH-^V>T 
»4, *lca*»«'^O-'<A'^108* f llPiaC«|&**t 
4o 0!l/K©*ife#lT-i4, S^ig^tiTV^-T^-g- 
tr 0 JfSKli, »-7i-Xl07-C«S.^fe7t^JS-& 

^x-7i-Xin^iKI^-r«>„ g*I^i*f*7;v 

H<0&, S*ig^Ovn-Sr#ih-f ^Cltm: i)M« 
io /*)VXi08ti*$*rTirho ft* t < 14, v'XgllOlcis 

[0095] ^*/<^xio8ok, aaaiai^ii, »— 
7*-xio7-c»*ftfcge»e&*JMi±-cRi&*fc 

«4^®*1-^»o *2Sy f 3<O^JS^«lCi3V>T, CIO 
ISftV **> KX*EJ&**fr 0 «SSpUU> ^4 

i-Xl07UggLT^C^«t 9 U, ^gli, ®»£*t 

ti^tiMt >f x icffi m -? i> mmn®. * &x * « 

[0 0 9 6] ffL<J4, ^JS^.**^OhJ^^WX<0W, S 

30 a*i®7y^i4iDXp c p«is±U'ft^iR* Ltz&mttmt 
;pxio8oraoT>*-T^ &mmit%D%-mztei&i. 

X^ZmmRV t miMUtKfcLti:^tzi(>?$>2> 0 2b 

ie.©Jffli^:^s:i57i-Xiii(cij(t-&, 4"9ii5SSo 
Sl&!fe-0 4 *)ftv»*tHK SDXp D n ±gB* 
M(c?BfiS;?*iS^Jg^fc%i<0lp*.(4, lf7 7nri:II 

40 [0 0 9 7] ^Jg7i-Xl07 (^Jgi!?^N*;UX104S.?/>'N' 
-vl06£#fr) SC/a»7i-Xl08 (SXBf^Ol'^lO 
8S.^^°- vllO^r-g-fr) I4*U, ALDXo-txiriJV^T 
^t)iI$^-6-9-^^JH15*^«-?--& 0 tDW*^ ^^115 
of^, ^;ni5a *1tv>, iCT-^JSiS^x/N- 

;i'Xi04a7i*Wiy f «*&$tL-2,o ^JSiH^i4^H7-^^;n 
15 \z x am 2 ft fc&JRfitttt&fi ±r-#jg^*a * -fb^ 

50 ffi^-S^i-o ^JS^X 7 0-104 a Sr^jhL106a 
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•9- -f * ;H 15 a <D m— y x - X 1 1 1 a ifi&MM & 

[0 0 9 8] -9->f *;H15a fc^-fc < t 1 0 Ek J: 
L< Ii4>&< i: fc&2 0 UK fa7*^-»l 

-fb^a^jSSftat^ii^iE-ro #5pJ^fi, &200A4 
i L< li&lOOA i *M>£&5itS*;fr 

[0 0 9 9] 

&07*xy;u : r^v>&JS&3**-*K£tt&>'* 1 -> r 

? i Xn -t * v x - )V\z js *t * — ^ * * * 
fc>1% #k> %tm<nj<°? yj>y>b\ x,* 

n a 0 iSPulsar 2000 (SAffilR) <DTKiSsSlfl$U:A^ L# 
J> v>^;l/^ i^NALD ; evx-;HciJtt*'(£ffl^>^* 

[0 1 0 0] JiTF<O^K:telt& (*7i±fB*l 

*®KS/J>jp-ejgj£§*lfc->-'J >XJf 148 (01 0 
a) J: olSti. Sl&14-7x-X^<DSlD 



28 

^ h'J- • VSf ? K^C>OPulsar 2000 (gfiiffifil) 
Sl&f - -V v>'^*l*l0 5 F4fi ! 5^-'•' * - > £ tiX v» v> ? x 

147^^? Mt&^tU 9 0%i ftffft.fctf'f K^O 
coffin V7 t-^ ALDyn-t^ii^ ±tL 

T**-f K*o|Stt3 - f ^ > ^)i s iV' J J T *5 #7 
[0 10 1] #fiJK«4, *^«H#H^-fAIi)Xn-fe^ 

6T*4.-I»:, ScXn-t;uiffi:jS-Cffl) »IL 

< (i, XD-tx<orac«» ^ snx D a n zas liiKjsoo'C^ibsoo 

JlJ££:K.<2>o it)*flL<li, ®i&St4350X:^ ^400*0 
©Hi:, fttif* L< »4380'C^t > 400'C<OWU^$tL 
So V/^rtEElix 5 'J Ml'©B^<b&#H§C(super 
-atomospheric)<OF^-C^»|-rS**, »tL< 1±&£*1 
Torr^SOO Torr^Hir, J: L< t4i5 4^-10 Tor 

r^P>100 Torr<OffllzmWZtl2> 0 

[0 10 2] 

[l£2] 

♦ 30 



7x-X 
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BE* 


i<H8J 
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CC) 








400 


TLCU 
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400 


10 


.05 




400 






400 


10 


OS 




400 


NHe 


100 


400 


10 


a75 




400 






400 


10 


L0 



[0 10 3] _hlBR2 li, r'iT^r-7->>«itW h U 
V-^SU'nv^^ MfT^OS-fb^^ > (TiN) M'J7 

&mm# * i±wmt*f> cncu) *fj7 

Jif^liS* (N2) M^jlS^^liftr* L< liT> 

■=E— T (NH3) ?r-&tfo 
[0104] m— if)^<n%— 7x-XtC*v»r. Ti 
CUI^ fi7Jl'fv> , /hU>fSy r 3>?? M^7 

4 J: d®J«Sitfc5'- , J >^148±U-fk^®iFi--5>o 
^JSi!f.*"^(±, #f L<(4, SiJOXa-fc*^?^-^ 

t l J77D-^^tf () 



[0 10 5] SiKli, 9 9 \±&%,W.1f* 

iftJ±TiCl4*-TiCl3^i:*^J^ 
40 ^i--5«o 4>)/J^^a«4, fcTT^i:S^Ki£ffeU * 

[0 1 0 6] TiCl47n-£#iLU ^Y'J 7ifW®. 
t70-i;J:oTA-yLti, NH3<0^^X^SDl n D n 

50 fD-f^tZ+^-^^O+i' U 77D-S;tt»o ISNH3li. 
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&JS JfUf <T> ? Q 9 -Y K - i&igSffl t 'J IS > K 

M-fbf-^v (TiN) c9*a£^j&-f 

7 2f*<DV>-f*nl>. tt*fcLT&C* 
Xfc»i£US*1% ttJWttMfRO'Mfcr'; v 

[0 10 7] ^<0-9-W ^^Tii, 7i-Xrt*TiCl4 



10 



30 

$ n& * -c« •? ill" o 
[o l o 8] ^<05tifcSMIlK£v>T, #t'jr<r^ 

mW-fZo 1988^5J?31B tcffc^Sft/cPosaO^fflitfif 
lf£4, 747, 367-^X^1988^8^ 2 B KSHt $ ft fcConger h 
^*S#«=^4,761,269-^<Oia^li. #93sffl#K##i 

[0 10 9] 
[*3] 



7x-X 
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(seem) 


fift 

CC) 


EE* 
(Tbn) 
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400 
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400 
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400 
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0.6 




600 






400 
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L0 



[oi io] ±mm3 ktrntf >yxr> m) oald 

liA7 -Mb* XT y (WFe) ^r^'JT^fX 
JiSSl Ote) Mi#^li»4.L<tt7>*s 
7 (NH3) 4-#tro #SJ£--7x.-Xor^, -?-x.e>tL^'ftfc 

[0 111] d<9*§£\ £JR7x-X-CJBj«*fLfc£* 



20 wJH=|±WF6fcRJ6L*v» 0 L^Lfctf*P>, ffi Lv>S3S 

<&<> $<bK, mtiz£*)mmRimiiifcm*fti>i) i , - 

[0 112] 
* [«4] 



:7x— X 
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400 
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[0 113] _tf23e4liSglb*>X*'r:' (WN) iKJS. 

ttt Lv^>-'j >rmu8 (mi o a) (oiiiiM^ 
nrv^o gij<^7w>'v>> h-cii, &jg«i*ns&»'tt 40 
1^1^^7707*^1: h uvf-xtftfroa&RRm 

■C«aJS*t»*o WXLfcJ^fc:, AJRffl»i/?7 -Mb? 
>7*7-y (WFe) * + 'J 7 Jif* (iflX (N 2 ) 

M»**tt»3!L<a7>*s7 (NH3) * 
#tr 0 £<D*§-&, y^XliAA^>yt-i { t«7x 

T-TEB (PJxfW'DV) Sr-g-tr5av»3S7cSU«i> ah 



l±> «<ft****i:Ei&ttOab*«llI*»i-o 
i-X(ir-> ^ 7i-Xtci •?*&$*i*:KlSgB& (BP 

J3 v» -Cjfi*a O 7 > * - 7 1 -e itm±SI& L v» 0 
[0 114] *r%'M%y S*tLt, «3<0 

[0115]$CjIC,S4 (DTEB/OVA t,z i *) %.t> 8 il 
htpfflXfO v^-**, 7^*-77ji-Xc0^AtC 
$fe5£omr^JS7i-X-e^$*t^^7^ K*»»c*S'frL 
T^WMiio *fUtC«i> 7>t-77x-Xli, 
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U if> KX&RJEfcfcv»T;fc*^?<f F (01 ; HF) £5S 
farms' VfllaSO&JR 9 <f V52X»i»* LV»*JR 

->-'; >rmu8 (Hi o a) ti, Hnav^iaio^?^ 

©«l*BOfc«>K, **^9-f KOlfA' FT 

[0 1 16] &mg.it%0 («;wn) <O*0*«O»V»JS 
(«;ft3-10nm) A**4<0*i*lCJ: Qv^ibAJMS 

*t*t, T»ovoii±i»#tt©3E*43is*#+w 

4<0^ffi(CJ:^WNtc, S2 0^ffittJ:S«t : p^3l^'2)Ti 
N©3iS*i& f tt§»&o WN/TiN^*>) 7<0±g&TiNSM»i, v> 

-60 
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4o 

[0 117] iIW»T*»iH, ->-FSIi 

[0 118] J: OW* L< liu J: *) itSv* r ? t/a^l' 
- v * & o -> - FJf «• s£»-f -£» *:*!> KCVDXn -k * 
v^^o 01lx.l£. Wolf^>£> "Process and equipment simu 
lation of copper chemical vapor deposition using C 
u(HFAC)VTMS" . Microelectronic Engineering, Vol.4 
5, No.l, pp. 15-27 (1999^2^ ) fc J: *) &m&mCW (M0 

cvd) &ffitfffi7P$nz>&, z<Dmmti.*mfflwx&i$ 

[0 119] L< li. v- KJ1 1 * fcALDfc'i 

*)J&l$.2tiZo mm. ^'J7Mv- FgtfH*. lX»i 

v 4 AW*****. 4 £ £©**i>ic % «t») 

iSy-'J'/^MIi> CVDRS-C^TSr^D^ ^ 
1-£-?J, ALDKi t? IfTS^ V U>T&ffi iz 

[0 12 0] 
[*5] 
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(accm) 
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Ct) 


£E*J 
Clbrr) 
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[0121] _hia«5 1±, ±ies 1 tc^{a©ALD#fi&JS 

\iZ-?Z> e 

2Xm 1 0 a (Cftii-^i:, t fekTT625.D f h U 

>^60cOfM-h<!O^D ^^->^XIiv-'J v^§148i: 
mz. M9 a (OT , a.T;W^T->>*iS7?^?tt^o v- 

>; >^148J±^oT, ^L^&k^-jfg^esos^ 
* L<ii, ALmzxiomzzu-yymimj&i-ziz 



tc, CVD, PVD. X»i**Trtg&Ki3V>-CCVD*- K"Cft< 

40 [0 1 2 2] 0!l^©HJi^^J3V>T. ;:tv-'j> 
148liCVDSUTVD<7) J: -5 ^r^*fi«J^*7*D *X IZ X 
*)M2tlZ>tf. ft/W? «± tf T 62(0 JtEJg tCi3 T Jgfi£ S 
tL*o e762S^h U>f-60SCfttCiJlt*v-'J >^Ji 
148(4, ±EfE*tt«©I , etXLfci't K-7, ffitfcS 

wmi<&mtit)izmz.2>x$>?> 7 0 mm*m*-tt, v-v 

50 #$-eTJggB^c>^*L-CT©7-l'-V5rKffl-t -2.^*6 
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[0 12 3} C VD*7tl±P VDI§<Otzit><7>&'hm*- 
ti. ftSW^(±¥^^T-9--f X<0*tj5 0%~ 1 5 0%, 
J:i9»*L<{i¥^'KT-9--<X<o*!j6 0%~7 5%££ 
ftlio (*6*iflUi<£>) -;H>*^J£ (field area)<Dg 
*$^^.JP*Ji> — jfelCtTT6 2 <0JglCiJttl»H'f-?-Oft 
/Np*KKILTP VDtcov>TJ: *>7<§v^*> P VDti 

li. #?LKc^fik^<0*jg (*TOJIiMiJg. *'7<0f 
¥*&*T-*M Xa^tfHgM<D$£Bfct) MLVUzmm 

-o/ca6u->-'; i 4 8 nmrnz^izmmitx 

[0 12 4] 0!]^$*t7tfy&SM*K:i3V>-C, &4nmO 
W#7t^fXtH#Lt, y-'J>yfl4 8lilf7 
6 2©I^2nin~6nm, J: *)tff-3zL < l± 2 . 4n 

mfcLtzZ r> K„ fcfT 6 2 <OJgtCi5lt*SfMoS/M?^ 
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(cvd, pvd) mmity-i-^v : */>jgg&i?*ifc 

#i&10 \ 1 X*> 4 it (dictate) » T 

Y&tfi. ^«L<*v>s^ (tajx.tfvv^;v^-7->>* 

[0 12 5] «*^fcSIJMR*Kin]*.T, v-'J^ 
Oi<0Mlcisv»-c, KJJ?^O/-?;v<*liJhfE<0A LD7"n 

s?R*©&-c«iMm© # m\znM-tz&mw-ffx<r> 
cofti L^KfctkftvMu, tZTcomeiz&mzti. * 

fc\z&^x#i<D-7 *.-Xfrh<D m.7tn t KJSi" Z, o L 

* */u+©*«R©#I^M J: 

[0 12 6] 
[*6] 



7x-X 
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(aoon) 


CC) 


Clbrr) 
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[oi2 7] ^.^zmm-rh'y-') >ymv>tz*>9>*ufc 

ttgLffiHZlt¥-iS3tfT-*'( XO&5 0-150 
P VDSEfUfflOC VDtcMLT, XHtaft/hff 

[0 12 8] II lt#f.tit> ->-')>/114 8 40 
#«I«CVDitliPVDt:J: OSigSti^&'blf, 
**t«i_tBKH3; £ fitz KttuflWS £ *t*/W 

^T77"*Al/->'7'(->^i 1 5 0 £#?o BEK» 

4HStI80jt*i:«ffLT, 5 W -J— 1 5 0 

->X® 1 5 0 14, fljtlfW/T i N, W/WN, Ti 
/TiN, T i/WNS^'It^-f JUS^''J7 7-f 

[oi2 9] m4<z>mx'te, /<y Tmit&m±izfc&m so 



tSCTWN/T i N^-t-f W -V-(b i layer) 
-2>o »4L<li, ±f£tO*fttc^v^ triz-f ^-(sub 
layer)^-* < b i> 1 oliJ^R^rj >7 *-v;v*A L 
DXn-b^icJ: fj^sn^o ^m^li. SO#mWX 

ten >-7 * --7;vi:A L DXn-b^«ojg*i: LT. 9 4 
t-1 50 (S^ti^Oft 5 ^^-^ < t t 1 

■Y-) &mmi-z>x-$>?3 7o 

[0 13 0] L^L^7> J f.> ->-•; >XJil 4 8(i-<0 
&%.\zzi y y 7u*x **#?Lttfi k *t«tcg 

JS-t-5.<OS-^(f-5 0 ffcfflL<li> T\zh2>^-i)> 
ifM 1 4 8 l±, #77"d -y + ^/ifcli^yfV^ti 

-•j >xe 1 4 8 i:Wi&-r2>tz#>iz&mztiz,m&X'$> 
\zz\tih<D?j ! &<n>^-rtifr*®.m-rz>z\ti)<x£2> a 



(19) 



ftf® 2002-9O78 



35 

oT, ALD5-f->^il 5 0{±»* Ktt^UTJl 
10 1 3 1] fi7;^vy>ia^') T--Xtcg£ 
4 x V^H 1 5 0 tfD&JRg-ffc^'J 7l#-tO^'J 7^8 

fefMM 14, » 4 U < »4& 2 0 A «t *> * § v>IJ * Sr*^- 

77n7S-&tf3V^^ h If T 6 2&U f h VVf-6 0<O 

SfeoT, tfT6 2^<D±m^.it^}^ ^ i-~\t. #4L< 
l±m£Offi£<a .S&tf 7*n -t: * * <offift<0,£ K £ v>T& 
2 0 0AJUTT**4o £*)fttL<\i, »4Lv>HMS§ 
«<o^«g-fb^i±iKi2 o A~ i o 0A> X^ftffSL 

< I4&4 0 A~8 OA«Of*i?-Plt?ilS. 
[0 13 2] #4 LV>£#T-C, 4f^®3ta***«'J 2f 

Ki3V>-C, TiNI4iftO. 3 5A/t^ ^^t-«SL> 
-?-<D*t*, IIH&ffe£ffllL-r&Blft-C-+fl-£T i NA>J7 
@^*.fiEi--&7 v c«)tC»4 L< 0-*^*;Ha±, 4 

U < ti^J € 0-3 0 O^M^JK fiffiKli 
&6 0 ~ 2 0 O^M ^^^ffiJiiio 
[0 13 3] WLfttoX 3 }^ *WfflmizMZm<VJ3&;lZ, 

&i L^%mmM<r>&T *s<? hit?) ^ u v-^sir trr 

O^'f-f-OJp^t L"C fcf 7«9$!IIt09 ^ — <Ojp<&<7> 

0, ■< \ 5 OcfOALD^fiS;?^^:^^ JWA 

li, »H<l±l!i9 0%J:i)7ci<^ 4r>$f£ L < «4& 
93%±*)7^#<, L< I4ft9 7%iD^#>' 1 

[0 13 4] 1 1 «r#J81-&£, v- Ki 1 5 5 

l±£«SlClBtT9'f->^S 1 5 0±K3g)££*i&o EE 
JE^iTtc, *<OJ: o fcv- KJB 1 5 5»i, ?E*£Ji7J f 
**t* 7*fcJ: i)*3tSit» 1 5 0***381 

Lv». -?-<04 -9 £&#T* KS 1 5 5I4P VDt-4 
•J* i L< I4C VDK4 0. ft<f>#4L<(4AL 

DK±*)mmztim2>o mmztttz^mmmzs^-c, 
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jfiU>fa7;V^y>7D-l:X7D-i:^ 

[in 5] ^<»;tji5i, RVTmtts.m&mv-mzM 
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